
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADA800562

unclassified

confidential

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only;
Administrative/Operational Use; 23 APR 1947.
Other requests shall be referred to National
Aeronautics and Space Administration,
Washington, DC. Pre-dates formal DoD
distribution statements. Treat as DoD only.

NACA research abstracts no. 73 dtd 9 Nov 1954;
NASA TR Server website



Reproduction Quality Notice 

This document is part of the Air Technical Index 
[ATI] collection. The ATI collection is over 50 years 
old and was imaged from roll film. The collection has 
deteriorated over time and is in poor condition. DTIC 
has reproduced the best available copy utilizing the 
most current imaging technology. ATI documents 
that are partially legible have been included in the 
DTIC collection due to their historical value. 

If you are dissatisfied with this document, please feel 
free to contact our Directorate of User Services at 
[703] 767-9066/9068 or DSN 427-9066/9068. 

Do Not Return This Document 
To DTIC 



Reproduced    by 

AIR DOCUMENTS DIVISION 

• liililii 
* 

•••"•'•**«;- 

HEADQUARTERS AIR MATER«*. COMMAND 

WRIGHT TOLD, DAYTON, OHO 
•*>« 







CONFIDENTIAL RM No. A7A15 

MAC A *s' 

RESEARCH MEMORANDUM 

FLIGHT-TEST MEASUREMENTS OF AILERON 

CONTROL SURFACE BEHAVIOUR AT 

SUPERCRITICAL MACH NUMBERS 

Py 

Harvey H. Brown, 
George A. Rathert, Jr., and 

Lawrence A. Clousing 

Ames Aeronautical Laboratory 
Moffett Field, Calif. 

•• 

• 

NATIONAL ADVISORY COMMITTEE 
FOR   AERONAUTICS 

WASHINGTON 
April 23, 1947 

CONFIDENTIAL 



VAC» m No. Ä7*15    CONFIDENTIAL 

HüTIOffiL ADVISORY COMMITTEE FOR ÄSROPÄ3TICS 

;- 

RESSARCE KSiiCRAHDUM 

FLIGHT-TEST MS«£URSME;*T3 OF AILSRON 

CONTROL-SUHFACE ssHAvrora «T 

SUPSRCRITICAL iifcCH IIUI33RS 

B;- Harvey H. Brown, 
Ocorge «. Rattert, Jr., 

and Lawrence A. Clouelng. 
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EUMIiiRy 

The behaviour at supercritical llaoh numbers of the 
ailerons of a Jct-_3ro;:elled fiphter lias been r.:casured up 
to 0.(566 licch-nuiber. "he conpldorr.blo amount cf aileron 
upflost occurring "t thsce :*ach nunbors was fuund to bo 
due to a large lös.-; in pressure recovery on the upper surface 
aft of the shock wave ';hlch o&ueeä very larsre lncre&eea in 
tho aileron hinge momenta. Data obrr.inod from pressure- 
dictribution aeaeureocntc are -?reßonted to show the very 
critioal effect of Lach number on tho .nafnltude of these 
hinpe a*2»nto. 

«Heron oersllif tlonc W3rc also encountered, rrnpinp in 
aeverity froa r. epscirodic lo'-'-eiplitude "buzz" to a notion 
so violent the aileron v&e  defor,aod. The comparatively mild 
buzz ehoi-ld be considered a \irellnlnary i:arnlr:£ of the 
appearanoo of tho ;.:ors ocvsro and cTf.n^rous oscillations. 
The flifht condition boundary defining the first appearance 
of the buzz la presented in tciv.o of .>.eh nuribcr c.hC.  both 
the airplcne llfü coefficient r.nd uhc r.vcrarx cjcsion norar.l— 
force coefficient over the .•••.ileron. Thie flight-test boundary 
1B in excellent r.-rcj.^.or.t vith wind-tunnel toct3 of a ir.rtial~ 
span full-ecalo ving with the aileron free. Typical aileron 
angle and proefsure-diatribution records aro r.leo presented to 
lllustx-fitc sonc of the characteristics of the oscillations. 
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INTROUUCriGI! 

In the past few years, experience during high-speed 
flight hf.B indicated eorlous chrngos In the beht.vlour of the 
e.ileron control surfpees at speeds r.tovs ehe critical Mach 
nui'ocrs of the plrfoii sections now In u3e.  Such changes 
have teen evidenced by large aaounto cf aileron upfloat, 
indicctlnp Irrere chrxges in the  mr^nitude of the air loads and 
hinge jjosinnts, rr.d the ..npearnnce of aileron oscillations. 

In the source of ring Drcpsuro-clistrifcution measurements 
and vrrious other tests of s  turbojPt-prcpcllcd fighter examples 
of this behaviour ot supercritical !-i>ch nucberp have been 
encountered s;evtr--l tlico. during "She hlfhees sceed dive, in 
which a I^r.ch number of O.S66 -.TO ror.ched, the reverity of the 
aileron oscillations lncrcr.sed culto r~.pidly rnd the motion 
became so violent that one aileron vna deformed.  So far f.s 
Is known, this is the only  tine the Liore violent and dangerous 
osclll'.tlon hf.G been encountered in flight. 

This report presents r. eumcar;- cf r.ll the data on nileron 
behr.viour at supercritical Iwah  nuriber which have been obtained 
Incidental to these scheduled tests. 
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DECCRIPTIOJf OF TH£ ÄIR?W3 Ai"D IHS  IKSrRUieKTjiriON 

The tests were conducted on the turbojet-propelled 
fighter alrplr.ne shown In the three-view drawing.     (£oe fig. 1.) 
Figures 2 rnd 3 are side-vie',-; end plrn-iOrm photogrrphs, 
respectively,  of the airplrno F.S in&truraented for flight teats. 

The dimensions of the wing and -r.iloron are  listed in 
table I.    Table  II contains the  oruinates for the theoretical 
wing contour  (N^O« 6^1-213  (a = 0.?)).    "he deviations of the 
actual wing sections from thw  theoretical contour are presented 
in figure B- for e^ch of the four prcesLire-dlstrlbutlon-oriflce 
etatlönü. 

The aileron control syetcr. of this type of airplane was 
unueuall;* rlsid as comoarcd with other ^rcsent-d;- y fighter 
airplanes and employed a pover boost In operating the ailerons. 
Tho ailerons were eoulppcd with pirno-typc hinges located on 
the up^er surface  of the vlng end T-:cre r.pj;roxlmr.tely statically 
and dynamically maec-balrnood but hrd no aerodynamic balance. 
Throughout the test progrfg the aileron cable tension was 
rigged at 300 pounds at 7c0 F. 
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Standard NACA lnrtrrimentP v?orc used to record the 
r.lleron engle, normal acceleration factor, pressure altitude, 
indlcatod airspeed, ?nd wlng-preaaurc distribution. 

ACCVRJOY OF RS--ULT3 

The  static preesurec used in computing the v?luea of 
Mach number and nrcesure  coefficient wore obtained by 
correcting the  static   :rcsoure at tho frce-arlvelling r-lrspeed 
head mounted on the risi-.t-wi.if? tip   (fig.  2)for   position error 
a3 detcrn.ln.jd from F  lov— altitude flight calibration.    In 
addition,   the  error inherent in the  alrLpcJd herd itself due 
to compressibility vrs  actciT.ir.oO. from 4   c:'libr,?tlon made  in 
the icoc  lS-foct hith-apcod vind tunnel end corrections vorc 
iar.de.     Tiro  rlrspocd recorder,   altimeter,   and t.ll other pres- 
sure oclls verc  calibrated at scvcrr.1  tcioeraturee to permit 
removal of ten.pcrr.turo of foots fror/, the data.     The accuracy 
of tiie datn is  as follcvs: 

i-, = ±0.003 
P = ±10/a 

5a = ±0.2° 

The symbols used throughout tho i-opart ero presented In the 
appendix. 

HE3ULT3 *£>  DISCUSSION 

Alleren Upfloat 

The effect of I-lrch number on tho upflOFtlng angle of the 
ailerons is shovn for v rlou3 values of airplane lift 
coefficient  in figure  \.    Tho lir.e  curves were obtplned from 
measurements of the rlj".:t rlloron ponltlon only,  during a 
E-Orics of very hlsh-6pei-i dlvcfl.     Subsooucnt mersuroments of 
the morn deflection of  ooth ailcrorn,   Indicated in figure 5 
by cym'ools,   aubotantla^cd the  trc:.iuf)  cf the drt"  obtained 
from the right rlloron ilone. 

Since  the  rlloron mntrol systor. was euitc rli-ild,  the 
lar^c upfloatlr.g. an; lea  obtained indicated that very largo 
hlnte momenta '-.ero belnr oncountorcc..    The .r.a{nltudos of the 
hinge moments at zero rlloron «nflo wore determined by uolng 
tho pressure  distrlbutionr; over tho aft £5 percent of the 
wing" Inboard of the  ailerons (fir..  1)  to compute the moment 
coeffislcnts rbout the 7'5-percent-chord line.    These data are 
orcacntcd In figure 6 and show that for zero aileron deflection 
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CCWIDEHTIAI, NACA m  Ko. ^?A15 

the hinge ao.sents bcooae extremely lar^e at supercritical Mach 
numbers. It is further apparent that In this spaed, range the 
hinge aor.ents ere a eeneitivc function of Mach hunber. 

The reason for those lar^e hinge moaent3 is Illustrated 
by figure 7. In this figure v.  chordv.'irsc pressure distribution 
rt a subcrltlcal Mach mu.ibor is contrasted •with another at the 
same airplane life coefficient but at a Ilach nusibor considerably 
a'^ove the critical. In comparison, the supercritical "lach 
nanber distribution sho;.a e  very irres loss in prcsruro recovery 
aft of the shock .:ave vnich ir, rosijonsi'ole for the increase in 
hinfo r.oment. Thin lnrpe lose In pressure recovery is 
prcsuisr.bly due to rheck induced separaticn on the upper 
aurface. 

The effect of riloron deflection 0;; the critical llach 
nucber cf the theoretical airfoil seoiicr., calculated by the 
aethod of reference 1 ••"'or the ranjps of upfloatlng angloc 
encountered, is presented in figure 3. A rev experimental 
values from the flight-test pressure distributions are included.. 
» coarearison indicates; ol-e flijht-test critical Mach number to 
be froc G.015 to C.0"if> lower than the thooretlcal. 

»llcron Oscillations 

.1« 
i 

'1 

A low-azpliti'.cLc aileron osclllr.i 
encountered scvorpl tii..cs during the 
was spaeiodlc «hon first encountered 
beer«»; a sustained oscillation T..'lth -. 
20 oycles *5cr second and a range of z 
Typical alloron-:.r.s 1c records durlr.3 
numbers are reproduced In figure 5« 
of the left aileron trhen during the 
linage of the trailing edge. The angl 
Images of the upper edfc of the bl^cl: 
indicates tijs sj.all amplitude of the 

ion I:no'-n as "buzz" was 
flight tests. This buzz 
but as the speed increased 
frequency of approximately 

lovccont of about 2 . 
buzz at various Mach 
Figure 10(a) 13 a photograph 
buzz, allowing the blurred 
e between the converging 
: stripe across the aileron 
notion. 

At a Mach nur.bor of about 0.25 d'-'-rlns; a hlt-h-spced dive 
the buzz developed Into a much higher amplitude oscillation of 
sufficient violence to cause the trailing edge of the left 
rHeron to buckle. Figure 11 is a tine history of a portion 
of thie dive and pull-out rhowinr tne record of the light aileron 
poeitlon. The rocordu indicated that the rlleron oscillated 
about an up-posltlon over a range of about 6°, but the froruenoy 
could net be dctera-lncd. The photograph of the left alloro'n 
during the flutter (fig. 10(b)) shows the considerable increase 
In the angle forced by the images of the edge of the black 
stripe. The double linage of the star insignia Indicates the 
amount of general buffeting accompanying the aileron oscillations. 
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Klpure 12 Is a photograph of tho aileron taken after the 
flight to show the buckle in the trailing1 ed^e caused by tho 
flutter. 

t% flight-test boundary defining the first appearance of 
spasmodic buzz in tet\.ifi  of Mach nixber end airplane lift 
coefficient is  oresensed rs the solid line in figure 13. 
Corresponding vrlues  of the pverape  section normal-force 
coefficient cf the winy section throufih tho aileron are 
spotted on the e.-rve for convenient reference. 

jit higher :;tch nur.bers tho t 
sustained .-notion, r.s indicated on 
symbols. Further incrcrses In ME. 
transition to the i-ore violent r.m 
by tho circles. It IG probatlo, 
of this transition can te ohiftec. 
cablo tension or aileron rectrain 
Gpeoiflo inoresent in Mach number 
between the buzz rr.d tho i..cre dan 
not be interpreted ae a fencrally 

uzz bee?mo a steady and 
figure 13 by the souare 

ch number resulted In 
d severe flutter Indicated 
however,   that the location 
t;T nhen^-cs  in the amount of 

t.    For this reason tho 
indicated in figure 1J 

£croue oscillation should 
applicable factor of  safety. 

Figure 1+ ic r ecund-ry for tho flrct appearance of 
aileron oscillations which 3s expressed in terns  of tho aver- 
age  Gcotion noriTil-forco coefficient of  she wint,-  section 
through the all-ron l-athcr than tlie  airplane  lift coefficient. 
The flight-test boundary falls only 0.007 i-.ach number below 
the data1 fror- tests in the axes lo-i'oot high-speed v.ind • 
tunnel of r partial-rpsn installation of an identical full- 
eerlo wing with r free aileron.    This close agreement between 
teste conducted vlth hi£h cable  tension • nd with no restraint 
at all demonstrates the vrlldlt;- of u8lnf\- tho buzz boundary 
e.B a signal of possible dangerous flutter- rt  some hifher I-aoh 
number,  depending, upon the amount  of reu*;iT.int  and daoping in 
the aileron control eystoc. 

Tho  section critical Kach numbers,  'ittermined both from 
flight tests and from theory,   are  also pi'LScntcd in fig-iro lU- 
to show that the buzz actually occurs at r ^ractloally con- 
stant  inoreo.ffnt of iuaeh number above the soctlor. critical 
Mach number,  rcfnrllcss of the vrli'.e of the  section normal- 
force coofflcient or the  airplane  lift coefficient. 

The cruse  of  the  aileron csclll:-. tione has been determined 
fror, the wind-tunnel tests  of the    .arti:.l-spar. installations 
of R full-scrle '.-•inf.     Shadowgraph victurcs taken during these 

»•Unpublished data on file  at thlo laboj'- tory 
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teste demonstrate that there ia a coupling between the aileron 
motion and shook-Induced separation originating forward of the 
aileron. In view of this explanation an examination of the 
pressure measurements In the region of the aileron, obtained 
during the oscillations, is of interest. 

Flrures Ig and 16" present pressure distributions both for 
a v/ir.g ctrtlon over the f.ileron (station 152) and inboard of 
the aileron (station 105.25) during the buzz at li = C.85& end 
the i.ore violent oscillations or .flutter at H = O.&66,  respec- 
tively. The jiresnure-dlstrlbution records for the orifices on 
the aileron indicate severe flow separation on the up^er surface 
of the vine during the violent flutter. During the buzz, 
pressures on both the upper and lev.or surfaccs'of tive aileron 
reuelncd steady, Icrgoly  due to tho sr,£ill .Tiplltudc of the 
action. During the m^re violent flutter, however, as noted in 
figure 16, the ^resruroe on the lot-cr turfr.ee showod the extreme 
fluctuations which would bo expected :;ith a rapid action over 
n renpe of 6  . The upper-surfsee prcaruros, however, were 
c;uite steady, which is .rcsuccd tc indicate that the orifices 
were always in a region of severe flow separation. Two prossure- 
oell records froa Station I?£ which arc typical of all pressuro 
records on ihc aileron arc presented in fijuro 17 and illustrate 
this difference in cehr.viour. ff 

r 
i 

Flii'.üt-test Ecas^rcientE of tho chord^lse location of the 
shock at the supercritical lisch numbers at which aileron 
oscilletlons occurred (0.SO to O.Sc) rre shown in figure Iß 
for both the upper and lever surfaces. Tho location of tho 
shoe!: v;fs defined as the chcrdwiec location at which a sharp 
break in the pressure distribution occurred. It is interest- 
ing to note that in this Mach number rrn«ro tho location of the 
upper-surface shock hes stopoed covlnc aft with increasing h'ach 
nuabcr and has bcco.r.e fixed; whereas the lover surface shock Is 
still moving afc. These results indicate the wide variety in 
flow conditions under which oscillations of the cileron aay occur. 

.1 C0:rCLrJ5IC;rS 

An analysis of the behaviour at supercritical Mach nucbera 
of the ailerons of a typicrl turbojct-sropclled fighter has led 
to the following: 

1. ?he considerable loss in pressure recovery on the 
upper surface aft of tho shock wave produced large increases 
In the aileron rlr leads and hlnga so^ents, resulting in 
large flleron upflortlni? f.-vlco. The increfsee In loading 
imposed on the aileron structure and the control system 
warrant atrious consideration in tho dcsi£;n of high-speed 
aircraft. 
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NACA HM Ho. A7A15 CONFIDENTIAL 

2. The first appearance of aileron oscillations in 
flight was established in tert.s of e. boundary defined by the 
Kach number and both, the airplane lift coefficient and the 
average oectlcnel noraal-fores coefficient of the wing section 
through the aileron. The osclll -. cions always appeared at a 
practically constant incre.T.3nt of lie.oh  nimoer above the 
section critlcfl Mach number. 

3- The reverity :f the aileron oscillations Increased 
rrpidly to the highest tect IJaoh number, and the motion 
becf.ir.e PC violent one aileron «fi reformed. G-ood arrocment 
between buzz b-uncjries cctablished 'c;' flight tests' :t s. 
rcctrr.incd fileron end vir.d-tunr.jl testa of a free aileron 
indicated tht.t the buzz boundary is a useful signal of the 
possible apceart-nco of core violent end drnferoue oscillations 
at ooiiio fclsher Mach r.uster, de-oonding on the asount of 
restraint and daaping in the alleren control system. 

Aiaes Aeronautical Laboratory, 
Hation.il Advisory Coc-ittec 

Hoffett Meld, Calif. 

Harvey K. Erovn, 
«.eronautlcal Engineer. 

for Aeronautics, 
I 

aoorge' A.  Rathert, tfr., 
Aeronautical Engineer. 

Approved: 

/ohn P. Parsons, 
Aeronautical Engineer. 

Lawrence A. dousing, c>^ 
Engineer-Test Pilot. 
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A??EIa>IX 

S'ilSOLS 

As  airplane noraal cccolerr.tlon factor (Zftl) 

o        wing auction chord, ft 

cn  section hinge-moment coefficient 

l.OO 

ISJL(PU-PL) vJ-°-704) 

-1 

'.i'-'*>- 

,«Tt; • 

Cj,  nirplane lift coefficient, conputod by the formula 

Azt?/qS 

on 

li 

P 

*L 

P 

section nornri.l-force coefficient 

I  (Plr*ü)    \|) 

liach nvoabcr,  rr.tio of Firewood to epoed of Bound 

pi'cscurc coefficient c P - ^o 
preersurc coefficient on upiur surface 

preecuro coefficient on lorrcr surface 

ntc.tlc orifice pre & sure, ID/GO ft 

p0  frco-ntrocua ctr.tic precruro, lb/oq ft 

q   dynamic prcr.rure (ipV ), lb/cq ft 

S   ving area, so ft 

X   chortV-ice location fron leading edge, ft 

IT   airplane groeß "cigjit, lb 

Z       acrodynrrilc nornpl force on airplane, lb 

8n  aileron control-surface deflection, deg 
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TABLE I.- BASIC DIMENSIONAL DA'i'A OP THE TEST AIRPLANE. 

'Ving 

Are?, sq ft 237 

Span,  ft 38.9 

Aspect ratio , 6.39 

Taper ratio O.56I4. 

Mean aerodynrjni c chord, in. 30.6 

Dihedral cf trailing ed^e 
of viiing, dog , 3«&3 

Iaeide.ic&1 root chord, deg 1.00 

Geometric twist, dec .1.50 weshout frum root to tip 

Root section NACA 55^213 (a=0.5) 

Tip secticn rJACA 6^^-213 (a=0.5) 

Percent line, strair-r.t 52.0 

Aileron 

Area ai't of hingo 15no, 
sq ft   (both sides ) 17-14 

Fixed nuT'Ciee  af.füctod bj 
ciovable surface,   sq ft 
(both sides ) 67.1 

Spr.n,  l't   (one sido) 7.21 

Itean aorodynaric chord, ft 1.216 

Hinge-line location, 
percent chord 75«0 

Type of aileron No aorodynmnic balance, piano hinge 
on urper surface, power-boost 
control system, approximately 

statically and dynamically 
r..i.s3-Valancod 

Travel d20° 

Tabs Trim tab on left aileron 
1Incidence measured with respect to thrust line. 
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TABU XX.- ORDINATE» OF NACA 65,-213 (« - 0.5) AXRPOXL 
[All station« and ordlnatas In pereent ohordj 

11 

r 

•rX\ ,A 

i  n 

' I*" 

Station, percent chord 

NATIONAL ADVISORY COMMITTEE 
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no 

E. radius: 1 
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(a) During buzz,     M= O.S26,     CL =  0.01. 

(b) During flutter,    M = 0.865,   CL = 0.35 

Figure 10.- Photographs  of the  left aileron 
during aileron oscillations. 
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Figure 12.- Photograph of left aileron taken on ground 
after dive recovery showing buckled trailing edge 
caused by severe flutter. 
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Figure 1?.- Typical records of pressure orifices on upper 
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